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FOREWORD

Presently, the fegradation Fffects ,.m (P) and others are
using regression equations relating the strikinR velocity for cylinders
as a function of their penetration into wallboard. This effort grew out
of the question of whether actual bomb fragments would have a similar
regression equation. This phase of the study is concerned with testlnp
IS-grain bomb fragments. As a follow-up study, 60-Rrain and 240-grain
bomb fwagments will he investigated.

The author wishes to thank R. Brandt (ATRD) for his suggestions on
analytical techniques for data evaluation. The ATRD range crew composed
of Jack Byrne, Clyde Wallace, Sgt Ron Stearns, Sgt John Frayer, qgt T.C.
Costello, and AIC Earl Farabaugh provided the necessary technical support
and instrumentation.

Information in this report is emharRoed under the Department of
State International Traffic In Arms Regulations. This report may he
released to foreign governments by departments or sgencies of the 11.5.
Government subject to approval of the Air Force Armament Laboratory
(ATRD), Fglln AFB. Florida 32542, or higher authority within the
Department of the Air Force. Private individuals or firms require a
Department of State export license.

This technical report has been reviewed and I approved.

CIIARIS K. ARPKI, It Col , USAF
Acting Chief, Technology Division
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ABSTRACT

The primary objective of this program was to define a function
between the striking velocity for 15-grain random shaped bomb fragments
and their depth into the wallboard trade named Nu-Wood. These fragments
were fired from a 20mrm Mann barrel into bundled Nu-Wood. The fragments
were lightly filed to fit into a 0.07< wel.03 gram weight range. The
striking velocities were in the 500 ft/sec to 5000 ft/sec range. The
graph of fragment striking velocity as a function of depth into N4u-Wood
showed a wide range of depths for approximately I000 ft/sec, 3000 ft/sec,
and S000 ft/sec striking velocities. A least squares curve would not
he valuable since the penetration spread is too wide at given velocities.
Fragment penetration into Nu-Wood from firing cylinders does not give
a realistic picture of IS-grain actual bomb fragmentation spread. The
fragment penetration into Nu-Wood was found to be a momentum as opposed
to a kinetic energy effect. The depth of penetration is not a primary
function of the presented area and perimeter of the impacting fragments
for 3000 ft/sec and 5000 ft/sec velocities. Shots at 100 ft/sec reveal
a dependence on the presented area and perimeter of the impacting
fragment,

(The reverse of this page is blank)
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SECTION I
INRODIJCTTON

Actual 15-grain bomb fragment "irings into Nu-11ood were conducted
at Range 22, Fglin AFR, during the months of July through September 1969.

The primary objective was to define a function between striking
velocity and depth into Nu-Wood. Secondary objectives were:

a. To find if the penetration into Nu-Wood is a function of the
presented area and perimeter of the impacting fragment.

b. To determine if the penetration of actual 15-grain bomb fragments
into Nu-Wood is a momentum or kinetic energy effect.

c. To observe the breakup characteristics of actual 15-grain bomb
fragments in Nu-Wood.

d. To determine the extent of deflection of the fragments relative
to projected paths in air and Nu-Wood.



SECTION IT
TEST SFT-UP

The general test set-up for the firings is shown in Figure 1.
Figure 2 shows the co-ordinates X1 Yl, X2Y2, and X3Y3 on the three-
dimensional view of the bundle. The lower left hand corner of the
bundle serves as the origin.

2



C.))

0oxIx I = m
0 Q

e4 (A

u -C6 CA)

,a 41 Lo V.

_4 S

) 1- eqI

V)) :44

414-

CUU

cc~

00r-
0/ E n



(X1 Y1 ) Position

(X 2 y2) ( 3

Surface
Fragment
Impact

Origin at
lower left
hand corner
of bundle

Figure 2. X and Y Co-ordinates on the Nu-Wood Bundle.

4



SFCTTON ITT
PRIMAPY ONJECTTVF

Figure 3 shows the finalized graph of striking velocity as a
function of depth of penetration into Nu-Wood. These striking velocities
were obtained by correcting the fragment measured velocity for air drag.
The air drag correction was 0.9242 times the measured velocity to give
the striking velocity. This was obtained from:

Vs 
e - e

_
EX

Vs. Striking velocity (feet/see).

V = Average measured velocity between the screens. The first
screen is at xo=O, the second at x=ln feet (ft/sec),

S = Distance from tie first screen to the target (II feet).
a = 0.0327 (constant for an air drag coefficient Cd= 0.64n, and

density of air, p= 0.310 grains/in 3 ).
N! = Mass of fragment in grains.

Valid data points and data points estimated from powder charges are
plotted on Figure 3. The fragment weight range of 0.97<w<1.03 grams is
not a function of depth into Nu-Wood. Figure I illustrates the wide
spread in depth of penetration at striking velocities near 3000 ft/sec
and S000 ft/sec.

A means of classification of the fragments into shape categories
was found from close examination of the fragments and solving for D in:

LWI = w
P

IND - Length Width Depth where L>V>0 (in.).
w a Weight of fragment (Ihs).
0 a 0.284 lbs as the general density of steel.

inT

The Categories are:

L-F = Long flat, fragment 3
L-C = Long chunky, fragment 20
F a Flat, fragment 4
F-C = Flat chunky, fragment 2
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The calculated 11 valuecan~f fit approitlSt@ troup4 for f) (Inches)!.

Table I shows the cloopificatten of the frageetits anti Vlpigre 4
11ltistratea the fragments. f'ipure 4 fragments I throuph 2Al were tot
rhotopraphed ttefore the ftring.. After firing, many fragotents wore 111st
fror ImpactiI the sabhot catcher or the printed circult paper holders,

The data points I i liro . have seucietr fragment ahope
classifications (imneaily, the long fiat* and (llt are distributed to
the extreme left of the trAph, ('inr chunk sad flat chuni's Pro primarily
concentrated toward the Piddle End #Atrom* right of the Praphi.

Fiture 3 has a rapression plot of a penetraitin ilquat ton obtained
by firiny %toe) cylitiers Int o wii'oarl! trail. lnmed Wu Woodt and tIlnt
kots. 711ese cylingers tiad Oharatteristi( voludis (fo II! fl/Rec
to 12,1011 ft/oeL, mases from 0.2. prain it) 24141, "ral,,., anti 0" to
70" obliqulity from the pro)octil path to the perpenidicular to the Nu-WoDA
surface. The fInAilied regression equation used for the plet Is:

Va~ ~ ~ 0 a iIky/S 0 07

Vs a Strilirtip velocity of oleol cylindrical Oragmenis (ft/sec)

I s Popth of rsernstrat ion moasured parrenidiculir to lte Nu-Wood
surface (it,,)

K fl,OOIIR

M Mao* of fragmsent (prains)

7 Thi 6 wi I I lie tarmod 11i0 111ol V-0prolsiol equal n,. 'lie Ir
regression plot for cylinderb does not fit clotely to the diatrillution
of IS-groin h'onil fiammat data poilntb, Long uthunl,& and flint chumks do
fit within an adeptetal range of tht "hor P'lot
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Fragment Fragment Fragment
1 2 3

breakoffs
No Recovery No Recovery

Weight: 1.00 + 0.01 grams Weight: 1.00 + 0.01 grams Weight: 0.95 + 0.01 grams
Length: 0.366 inches Length: 0.406 inches Length: 0.691 inches
Width: 0.340 inches Width: 0.300 inches Width: 0.308 inches

Fragment Fragment Fragment
4 S 6

No Recovery U

Weight: 1.00 + 0.01 grams Weight: 0.94 + 0.01 grams Weight: 1.00 + 0.01 grams
Length: 0.459 inches Length: 0.453 inches Length: 0.453 inches
Width: 0.413 inches Width: 0.316 inches Width: 0.321 inches

Fragment Fragment Fragment
7 P 9

No Recovery No Recovery

Weight: 1.00 + 0.01 grams Weight: 0.94 + 0.01 grams Weight: 1.00 + 0.01 grams
Length: 0.396-inches Length: 0.443-inches Length: 0.525-inches
Width: 0.340 inches Width: 0.316 inches Width: 0.387 inches

Fragment Fragment Fragment
10 11 12

r -breakoff No Recovery R t e, very

Weight: 0.94 + 0.01 grams Weight: 0.94 + 0.01 grams Weight: 1.00 + O.C, grams
Length: 0.680inches Length: 0.438-inches Length: 0.565-inches
Width: 0.382 inches Width: 0.378 inches Width: 0.300 inches

Figure 4. 15-Grain Bomb Fragment Shapes
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Frgetfragment Fragment
Frgmn 14 i

10No Recovery 
No Recovery

Weight: 1.00 + 0.01 grams Weight: 1.00 + -01 gramns Weight- 0.94 + 0.01 grams

Length: 0.482 inches Length: 0.6437inches Length: 0.395 inches

Width: 0.35S inches Width: 0.288 inches width: 0.357 inches

FragentFragmert Fragment
F r g6 n 17 18

No Recovery 
No Recovery

Weight: 0.94 +0.01 grams Weight: 0.94 + 0.01 grams W~eight: 1.00 + 0.01 grams

Length: 0.490 inches Length: 0.770 inches Length: 0.455 inches

Width: 0.34S inches Width: o.290 inches width: 0.320 inches

Fragment Fragment

19 20

breakoffs W0
Weight: 0.94 + 0.01 grams Weight: 1. 00 + 0.01 grams

Length: 0.505 inches Length: 0 .s3§ inches

width: t4).40 inches Width: 0.280 inches

Note: These ink blot copies of fragments are slightly 
larger than the actual

specimens.

Figure 4. (Cont'd)
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SECTION IV
SECONDARY OPIFCTIVFS

Table I data, obtained from Fir" 5, reveals no significant
relationship between depth of penetxacion as a function of presented area
and perimeter of impacting rragments at jono ft/sec and SOO ft/sec.
At 1lon ft/sec there is a correlation with increasing penetration and
decreasing impacting fragment presented area and perimeter.

Table II[ data shows that fragment penetration into Nu-Wood is a
momentum rather than a kinetic energy effect. This results from the
penetration to be a function of velocity rather than velocity squared.
The striking velocity can be linearly approximated by:

V = CX

V x Striking velocity in ft/sec

C = 571 ft/sec. inches

X = Depth of penetration measured perpendicular to the Nu-Wood
surface to center of gravity of fragment (inches).

Fragment breakoffs are located at the point where the fragment is
found. Pieces will be found at the larger piece fragment location. No
breakoffs were found along the Nu-Wood path.

An examination of bore sight, fragment entrance, and finalized

position in Nu-Wood co-ordinates reveals no appreciable aie deflection
and Nu-Wood deflection of fragments. Air deflection could be attributed
to the sabot aiming the fragment after exit from the Iann barrel. Since
the Nu-Wood deflection is slight, no transformations are made on the
perpendicular to Nu-Wood surface penetration data. All the penetration
data in Figure 3 need not he corrected for the slight angular deflections
in Nu-Wood.

Some other interesting facts found from testing are:

a. The recovered fragments hhd Nu-Wood clinging to them.

b. As the fragment goes deeper into the Nu-Wood it tends to male
a large and less clean or sharp hole. This could he attributed to Nu-
Wood building up on the fragment as it penetrates.

c. The Lexan sabot will be dented on its base frem the fragment's
initial momentum impulse.

d. For better air flight stability a sabot fitting a fragment is
better than a sabot with a hole too large.

13
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12 3 4 56

P.A. - 0.040 P.A. = 0.021 P.A. = 0.055 P.A. 0.026 P. 0.068 PA. 0
ill.2 in. 2 in. 2 in. 2 in. 2  in.

P1 I 0.984 P2 = 0.766 P3 = 1.016 P = 0.625 P5  1.516 P6 = 1.188
in. in. in. 4 in. in. in.

79 10 11 12

P.A. = .07 P.A. - 0.074 P.A. = 0.067 PA. 0.063 P.A. * 0.048 P.A. =0.045
in.- in. 2  in.2  in. 2  in.2 in.2

P7  1.109 P = 1.078 P = 1.031 P : 1.000 P = 0.969 P12 0.994
in. 8 in. in. 10 in. I in. in.

13 14 15 16 17 18

Negative Negative P.A. = 0.086 P.A. - 0.034 Negative P.A. =0.017

Shot Shot in.2 in.2 Shot in.
1 1.234 P16  0.766 PI8 .0.875

in. in. in.

19 21 22 23 24 25

Negative P.A. - 0.064 Negative P.A. . 0.116 P.A. =0.070 P.A. *0.0 2

Shot in. 2  Shot in. 2  in. 2  in.-

P2 1  1.031 P2 3  1.688 P24  1.062 P25 = 0.969

in. in. in. in.

Figure 5. 15-Grain Bomb Fragment Impact Presented Areas and Perimeters
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28 29 3134 37

Negative Negative P.A. 0.029 N,,gative P.A. = 0.065 Negative

Shot Shot in,2 Shot in. 2  Shot

P = o.859 P34 = 1.000
. n 3 ii.,

39 41 43 46 47 48

P.A. = 0.040 P.A. =0.056 P.A. 0.062 P.A. O.Os Negative P.A, 0.058

in.2 in. 2  in. 2  in. Shot in

P39  1.031 P4 1 - 1,141 P4 1 r 1.000 P46  0.953 P48  0.938

in. in. in. in. in.

S1 52 54 55 56 58

P.A. =0.05S P.A. = 0.067 P.A. 0.055 Negative Negative P.A.

in.2 in.2 in.2  Shot Shot in.

0.875 P52  1.125 P54  1.031 1.094
51 in. in. in. in.

Note: 1. The Shot Number is listed above each fragment.

2. P.A. = Presented Area.

3. Px = Perimeter for Shot X fragment.

Figure S. (Cont'd)
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SECTION V
CONCLUSIONS

The fundamental conclusions are:

a. The existing Thor equation predictions for cyl inders do not
fit actual iS-grain bomb fragment-data.

h~. Depth of penetration into Nu-Wood is not a reliahle method

to predict the velocity of 15-grain bombh fragments,

c. The fragments are momentum and not kinetic energy penetrators.

d. The depth of penetration is not a primary function of the
presented area and perimeter of the~ impacting fragments for 3000 ft/sec
and 5000 ft/sec striking velocities. Shots ut 1000 ft/sec indicate that
depth of penetration is a primary function of the perimeter and presented
area of the fragments.
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